INTRODUCTION {#sec1-1}
============

Glass ionomer cements have several applications as permanent or temporary tooth-colored restorative materials. They are capable of forming a chemical bond to tooth structure and have cariostatic effects.\[[@ref1]\] One important drawback of dental restorations is a change in their surface characteristics such as microhardness (MH), which leads to a reduction in their fracture resistance, and eventual failure of the restoration.\[[@ref2]\] Surface MH of gastrointestinal (GI) cements is an important clinical parameter that affects the accumulation of plaque and bacteria, stainability and wear of restorations.\[[@ref2]\] In the recent years, GIs have undergone extensive modifications, and several types such as nano-filled GIs have been introduced to the market.\[[@ref3]\] GC America recently introduced a new GI restorative system known as EQUIA^™^. The manufacturer claims that this material is a suitable alternative to amalgam and composite for Class I, II, and V restorations due to its improved wear resistance attributed to its surface coating with a nano-filled resin.\[[@ref4][@ref5]\] It is also claimed to have high compressive strength and MH and higher fluoride release potential than other GIs.\[[@ref4]\]

In 2013, a study by Bagheri et al. evaluated the effect of aging (through immersion in distilled water) and application of G-Coat Plus on the MH of GI cements and reported that application of G-Coat Plus and aging significantly compromised the mechanical properties of all types of GI cements over time. They also observed that application of G-Coat Plus caused a significant reduction in MH of GI specimens at 4 and 8 weeks.\[[@ref6]\]

This *in vitro* study aimed to assess the effect of aging and type of protective coating on the MH of EQUIA^™^ GI cement.

MATERIALS AND METHODS {#sec1-2}
=====================

In this *in vitro* experimental study, 30 disc-shaped specimens measuring 9 mm in diameter and 2 mm in thickness were fabricated of EQUIA^™^ GI (GC America Inc., IL, USA). Sample size was calculated to be 10 specimens in each group according to a study by Schulz et al.,\[[@ref7]\] and using Minitab software considering the difference of 14 between the two means, standard deviation of 8.5, β = 0.2 and α = 0.05.

For the fabrication of specimens, a metal mold was placed on a glass slab. The mold was filled with EQUIA^™^ and a Mylar strip was placed over it. Another glass slab was placed on top of it. Two and a half minutes time was allowed for the specimens to set. Next, the specimens were divided into three groups of G-Coat coating (a), no coating (b) and margin bond unfilled resin coating (c). After applying the G-Coat (GC America, IL, USA) in group A and unfilled resin (Margin Bond, Coltene/Whaledent, Germany) in Group C, the specimens were light-cured according to the manufacturer\'s instructions for 20 s from each direction by a LED light curing unit (Dentamerica, Taiwan) with an intensity of 600 mw/cm^2^ using the overlapping technique (a total of 60 s). The specimens were polished by 1400 grit abrasive paper discs (Soflex 3MESPE, USA) and then stored in a dark and humid environment for 24 h. Next, the surface MH was measured in the three groups using Vickers hardness tester (InstronWolpert GmbH, Ludwigshafen, Germany). The specimens were then stored in artificial saliva with a pH of 6.9 at 37°C for 6 months. MH of each specimen was measured at 24 h, 3 months and 6 months.

Data were analyzed using SPSS software version 16 (Microsoft, Chicago IL., USA) and repeated measures ANOVA. Considering the inequality of variances, Tamhane\'s test was used for pairwise comparison of groups. Level of significance was set at *P* = 0.001

RESULTS {#sec1-3}
=======

The MH of the no coating group was significantly higher than the other two groups at baseline (*P* \< 0.001), which decreased after 3 months and the MH value of this group was not significantly different at 3 and 6 months. Irrespective of the baseline MH values, the MH of both groups protected with G-Coat and unfilled resin increased at 3 months. The increase in MH was greater in the unfilled resin group compared to the G-Coat group at 3 months (*P* = 000). At 6 months, the greatest reduction in MH occurred in the no coating group compared to the G-Coat and unfilled resin groups \[[Figure 1](#F1){ref-type="fig"}\]. The changes in MH of the G-Coat and unfilled resin groups were not significant between 3 and 6 months (*P* \> 0.001).

![Microhardness of groups at 6 months](JCD-20-260-g001){#F1}

At 3 and 6 months, the MH of the G-Coat group was slightly, but not significantly, higher than that of the unfilled resin group. The MH values of G-Coat and unfilled resin groups did not significantly increase or decrease between 3 and 6 months \[[Table 1](#T1){ref-type="table"}\].
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Descriptive statistics of microhardness in the three groups at 24 h, 3 months, and 6 months
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Based on the results of Tamhane\'s test, the MH of G-Coat and unfilled resin groups was not significantly different at 6 months, but significant differences were noted in MH of G-Coat and no coating and also unfilled resin and no coating groups (*P* \< 0.001). Comparison of the MH of the three groups at 6 months also revealed significant differences (*P* \< 0.001)

DISCUSSION {#sec1-4}
==========

This study aimed to assess the effect of aging and type of protective coating on the MH of EQUIA GI cement. The results showed that at 6 months, the greatest reduction in MH was noted in the no coating group. The changes in MH of G-Coat and unfilled resin groups were not significantly different, and the MH values of G-Coat and unfilled resin groups did not significantly increase or decrease between 3 and 6 months.

Physical characteristics are very important for the selection of a suitable restorative material in the clinical setting. These characteristics directly affect the durability and survival of the restoration. MH is an important characteristic of restorative materials, which has a direct relationship with their compressive strength and wear resistance.\[[@ref8]\]

Glass ionomer cements have several advantages compared to composite restorative materials such as the ability to bond to wet enamel and dentin without requiring a bonding agent, cariostatic properties due to fluoride release potential, biocompatibility, and a coefficient of thermal expansion close to tooth structure.\[[@ref9][@ref10]\] However, these advantages may be compromised by inappropriate surface polishing, highly porous surface and low mechanical properties such as low fracture toughness, brittleness, and high surface wear.\[[@ref9][@ref10]\] G-Coat is a nano-filled coating that contains colloidal silica, methyl methacrylate, and camphorquinone.\[[@ref2]\] G-Coat is recommended by the manufacturer (GC America) for application on the surface of GI restorations. Thus, the efficacy of GI as an alternative to amalgam and composite restorative materials is still a matter of debate.

The setting mechanism of GI is though the interaction of polyacid liquid and glass powder in the form of an acid-base reaction. During the formation of calcium poly polyalkenoate, aluminum poly polyalkenoate is also formed. These reactions occur gradually, and the setting is completed over a long period. At the same time, mechanical properties improve within the first 24 h following the setting. Increase in strength may continue for weeks to months.\[[@ref11]\] In the first 3--6 min following setting, particularly in the clinical setting, water contamination, and even dehydration interfere with the process of setting\[[@ref9]\] leading to subsequent propagation of microcracks and mechanical failure.\[[@ref12]\] In the current study, changes in MH were evaluated at 24 h, 3 months and 6 months after setting.

Naasan and Watson emphasized that the GI cements should be protected from water contamination during the first phase of setting and from 24 h to 2 weeks after their application. They believed that the surface coating protects the restoration (cement) from wear. Application of a resin coating increases the resistance of cement against water sorption or water loss during the first and final phases of setting.\[[@ref9]\]

In the current study, artificial saliva was used as the storage medium for the specimens to better simulate the clinical setting. A previous study showed that the conventional GI without a coating had greater hardness after storage in artificial saliva compared to water after 40 and 80 days.\[[@ref13]\] On the other hand, Zoergiebel and Ilie et al. noticed that artificial saliva and distilled water media had no effect on the mechanical and micromechanical properties of GI cements.\[[@ref2]\]

Surface micromechanical properties such as Vickers hardness highly depend on the composition of materials. Many previous studies have shown the effects of chemical composition, density, and molecular weight of polycarboxylic acid and glass structure as well as the powder to liquid ratio on surface MH of specimens.\[[@ref14][@ref15][@ref16][@ref17][@ref18][@ref19]\]

In the current study, we compared the MH of GI specimens coated with G-Coat with those coated with Margin Bond, which is a hydrophobic, unfilled monomer that contains methyl methacrylate. Therefore, lower surface MH in specimens coated with unfilled resin is not far from expectation. The current study results showed that although these two protective coatings had lower MH than the GI cement mass, they well-played a protective role during 3 and 6 months and increased the surface MH of GI specimens. The increase in MH was greater in the group where G-Coat was applied to the specimen surfaces as recommended by the manufacturer. Therefore, in the clinical setting, margin bond may be used as an alternative to G-Coat when G-Coat is not available.

Studies on the effect of different coatings on stainability of conventional and resin-modified GI cements as well as compomers revealed that resin coatings were very effective in decreasing the stainability of conventional and resin-modified GI cements. It has been shown that hydrophobic resins lacking hydroxyethyl methacrylate (HEMA) are more effective for this purpose.\[[@ref20]\] Thus, margin bond, which is a hydrophobic resin lacking HEMA was used in the current study because it effectively prevents water sorption.\[[@ref20]\]

In our study, the MH of G-Coat group was slightly, but not significantly, higher that of the unfilled resin (Margin Bond) group at 3 and 6 months. The MH values of G-Coat and unfilled resin groups did not significantly increase or decrease between 3 and 6 months. This further confirms the important role of resin coating in maintaining the MH of the restorative material.

The manufacturer claims that G-coat contains nanofillers. Fillers are the strongest phase in composite resins. They are added to strengthen the composite and decrease the percentage of weak resin materials. They eventually lead to an increase in hardness and strength and a decrease in wear.\[[@ref5]\] Kim et al.,\[[@ref21]\] and Li et al.\[[@ref22]\] noticed that increasing the filler content reinforced the mechanical properties of restorative materials. Therefore, the higher MH observed in the G-coat group could be attributed to this incident.

The decrease in MH of both coated groups over time could also be explained by the event of hydrolysis which occurs in the unfilled resin component. Donly et al. showed that hydrolysis of unfilled resin over time could cause defects in restorations.\[[@ref23]\] It has been shown that the degradation of unfilled resin is attributed to its high water sorption over time.\[[@ref24]\] In general, unfilled resins do not have the required properties of a suitable restorative material. Properties affecting clinical efficacy of restorations including polymerization shrinkage, thermal expansion, modulus of elasticity, water sorption, tensile strength, and wear resistance are mainly attributed to resin components of composites.\[[@ref25]\]

It appears that low MH in groups where G-Coat and unfilled resin were applied to the surface of specimens in the first 24 h was due to the weakness of the relatively thick layer of unfilled resin. Over time, this layer undergoes hydrolysis and is somehow eliminated. However, low initial MH in the two groups and wear of coating over 3 months did not prevent its protective effect on GI. At 6 months, only a slight reduction in MH of GI occurred, which is attributed to water sorption, hydrolysis, and wear of the resin coating. It should be mentioned that the manufacturer has guaranteed the positive effectives of G-Coat protective coating for 3 months.

G-Coat is the coating recommended by the manufacturer for application on the GI restorations. Since margin bond, similar to G-Coat, had a protective effect on GI and increased its MH, it may be concluded that margin bond (unfilled resin) may be used as an alternative protective coating when G-Coat is not available. However, the slightly lower efficacy of margin bond in comparison with G-Coat in the long-term should be noted.
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